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(57) Abstract 

A system for determining the composition of a multiple component fluid as gas or liquid and for determining linear flow comprising a 
pulse transmitter (10) and pulse receiver (20) used in at least one sing-around circuit that determines the velocity of an audio signal (12) in 
the multiple component fluid, which velocity is correlatable to a known data base for the multiple component fluid, and where the electronics 
of a trigger signal circuit (30), amplifier (32), pulser (60), rectifier (34), square wave converter, keep alive circuit (50), alternative pulse 
width adjuster (40) and gate circuit or digital filter (38) is arranged to determine a signal delay between pulse transmitting and receiving. A 
method for determining flow in a controlled dynamic fluid supply system uses two of such inventive circuits with independent transmitters 
and receivers disposed about the fluid of measurement interest, one pair of which transmitter and receiver is set at an angle non-perpendicular 
to the direction of fluid flow. 
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ULTRASONIC FLUID QUALITY SENSOR SYSTEM 

5 

CONTRACTUAL ORIGIN OF THE INVENTION 

This invention was made with United States Government support under Contract 
No. DE-AC07-94ID 13223, now Contract No. DE-AC07-99ID13727 awarded by the 
United States Department of Energy. The United States Government has certain rights 
10 in the invention. 

RELATED APPLICATION 

This application claims priority from provisional application S/N 60/1 18,561 
filed Februarys 1999. 

15 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a system for the quantitative analysis of a fluid 
that has known components. More particularly, the present invention relates to a system 

2 0 for measuring acoustic pulses in the multiple-component fluid. In particular, the present 

invention relates to a velocimeter and a method of applying acoustic transmission delay 
data to empirical correlations with the multiple-component gases. 

Relevant Technology 

25 Many fluid flow applications require real-time evaluation for various reasons 

such as fluid quality evaluation and process control. Such real-time evaluation is only 
complicated where the fluid is a mixture of multiple components. For applications such 
as in the natural gas industry for gas-fired systems, or in the carburation of a fuel 
mixture for an internal combustion engine, operating parameters may critically depend 

3 0 upon the ratio of fluid components in relation to each other. Where a correlation exists 
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for known ratios between multiple components and a given parameter of a particular 
mixture, such a correlation may be used to facilitate an optimal process that uses the 
mixture. 

One example of the need for real-time evaluation is with natural gas internal 
5 combustion engines. Natural gas may have a methane content in a range from about 
75% to about 99% methane. This methane composition range can vary between 
different sources and also the life of the source and the time of year in which the 
natural gas is removed from the source. Engine knocking is the phenomenon of a 
pre-ignition of the fuel in the combustion chamber. Knocking has a detrimental and 

1 0 often destructive effect upon the internal combustion engine combustion chamber. 
It is important therefore in this example of the need for real-time evaluation, to allow 
an internal combustion engine to be reconfigured in its combustion cycle depending 
upon the quality of the natural gas that is being supplied. 

A well-understood correlation that can be applied to a given process may 

1 5 have a wide variety of applications. Examples thereof include the above-mentioned 
applications and others such as in the paper and pulp industry, the textile industry, 
the petroleum industry, materials and chemical testing, effluent monitoring, 
environmental discharge monitoring, and fluid commodity delivery. All of these 
applications could all be greatly affected by such a system. 

20 Various problems and challenges occur depending upon the selected 

multiple-component fluid. For example, gaseous systems have been limited to 
conventionally lower frequencies because of the extreme attenuation of a high 
frequency audio signal in the gaseous system. Another difficulty occurs in a gaseous 
system where the particular geometry confines the distance between a transmitter 

25 and a receiver to close proximity. In such a system, there tends to be capacitative 
coupling between the transmitter and receiver. A capacitative coupling tends to 
generate a spurious signal that can be misinterpreted by the system as a response 
signal from the generated acoustic signal. 

Another problem occurs where such systems are used around other 

30 equipment and machinery. In such an environment, electromagnetic and acoustic 
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noise may be generated at frequencies that are similar to those designed to be 
detected in the testing system. 

What is needed in the art is a system for quantitatively estimating the make- 
up of a known multiple-component fluid that overcomes the problems of the prior 
5 art. What is needed is a system that overcomes such problems as the unavoidable 
spurious signal that is generated where capacitative coupling in a gaseous system 
due to the geometry of the system requires the transmitter and receiver transducers 
to be in close proximity to each other. What is needed in the art is a system that can 
operate at high frequencies such that a rapid response and adjustment to the multiple- 
1 0 component fluid can be made for optimal performance of a given process. 

Such systems, methods, and apparatuses are disclosed and claimed herein. 



SUMMARY AND OBJECTS OF THE INVENTION 

The present invention relates to a system for quantitatively determining the 
15 components of a known multiple-component fluid. 

In one embodiment of the invention, the system uses a "sing-around" circuit 
that filters out capacitative coupling in a gaseous system. In this embodiment of the 
present invention, a high-frequency audio signal is generated from a transmitter and 
detected by a receiver. A high frequency audio signal experiences extreme 

2 0 attenuation in a gaseous system. However, a portion of the audio signal reaches the 

receiving transducer. The audio signal is converted into an electronic signal that is 

sent to a triggering systemi Due to the extreme attenuation of the audio signal, the 

electronic signal must be boosted by an amplification circuit sufficient to create a 
triggering signal. 

25 In the triggering system, the electronic signal is amplified to assist in 

overcoming the extreme attenuation of the audio signal. Following amplification, 
the signal is rectified and gathered into a substantially half wave form. Spurious 
signals that are generated due to capacitative coupling and other causes are filtered 
out by a gate or digital filter. The digital filter is tuned to anticipate approximately 

3 0 the time period when actual signals should pass therethrough and the digital filter 

simply eliminates any other signals that come outside the anticipated signal time 
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window. Following digital filtration, the wave form is converted into a square wave 
and optionally changed in pulse width to optimize it as a triggering signal. The 
triggering signal is then ultimately sent to a pulser that instructs the transmitter to 
generate another audio signal. 

'> A "keep-alive" circuit is also provided in the sing-around loop for the 

occasion where no signal is detected to be cycling within the loop. The keep-alive 
circuit is configured to look for a pulse coming from upstream in the circuit loop. 
It looks for a pulse of a particular waveform, namely the square wave, and of a 
particular pulse width that is characteristic of that which was made of the circuit 

i following digital filtration and conversion into a square wave. Where the anticipated 
signal is not received within a particular time window, the "keep alive" circuit 
generates its own signal, directed to the pulser, that instructs the transmitter to 
generate another audio signal in the direction of the receiver. 

In any event, a pulse signal is generated and directed to the transmitter. At 

'< this point, a new audio signal is generated from the transmitter and detected by the 
receiver. After a number of cycles, the "sing-around" circuit settles down to its 
designed cycling time. The amount of time required to relay the signal from the 
receiver around to the transmitter is known. The largest time lapse in the circuit is 
the time required for the audio signal to bridge the distance between the transmitter 
and the receiver. As such, the speed of sound in the known multiple-component 
fluid can be extracted from the total cycling time of the circuit. 

As the components ofthe multiple-component fluid are known^ a database 

comprising the speed of sound at various component ratios ofthe known multiple- 
component fluid may be referred to and an estimate ofthe precise composition ofthe 
multiple-component fluid may be made. The simplest systems comprise binary, or 
two-component fluids. Two-component fluids generally have a linear or simple non- 
linear relationship such as the speed of sound as a function of concentration ofthe 
two components in the fluid. 

Where the multiple-component fluid is a ternary system, a quaternary system, 
or greater, additional properties of the multiple-component fluid may need to be 
tested for determination of the ratios ofthe individual components. Examples of 
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additional properties may include heat capacity, electrical conductivity, 
spectroscopic qualities such as nuclear magnetic resonance, infrared, and others, and 
optical qualities such as fluid color and index of refraction. Where a multiple- 
component fluid is being used in a dynamic system that requires a frequent 
5 revaluation of the makeup of the system or greater, preferred tests will be those that 
have a rapid-evaluation time that is sufficient for the system to be adjusted to 
optimize operation thereof with the particular multiple-component fluid flowing 
through it. 



10 It is therefore an obj ect of an embodiment of the present invention to provide 

a system that overcomes the problems of the prior art. It is also an object of an 
embodiment of the present invention to provide a system for the evaluation of the 
quality of a multiple-component fluid as it relates to its usefulness as a fluid 
commodity. 

15 It is also an object of an embodiment of the present invention to provide a 

sing-around circuit to evaluate a gaseous fluid that filters all spurious signals. 

It is also an object of an embodiment of the present invention to provide a 
system for the evaluation of a multiple-component fluid that is being used in a 
dynamic system. It is also an object of an embodiment of the present invention to 

20 provide a system for the measurement and control of fluid flow that is being 
conveyed in a conduit. 

^These and other objects and features of the present invention will become 

more fully apparent from the following description and appended claims, or may be 
learned by the practice of the invention as set forth hereinafter. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the manner in which the above-recited and other advantages and 
objects of the invention are obtained, a more particular description of the invention 
briefly described above will be rendered by reference to a specific embodiment 
3 0 thereof which is illustrated in the appended drawings. Understanding that these 
drawings depict only a typical embodiment of the invention and are not therefore to 
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be considered to be limiting of its scope, the invention will be described and 
explained with additional specificity and detail through the use of the accompanying 
drawings in which: 

Figure la is a block diagram of a sing-around circuit that is part of the 
5 inventive system; 

Figure 1 b is an illustration of the inventive signal processing that corresponds 
to the sing-around circuit of the present invention; 

Figure 2 is an elevational cross-section illustration of one embodiment of the 
present invention, wherein a pair of circuits evaluate both fluid composition and 
10 fluid flow rate; 

Figure 3 is a block diagram that illustrates signal processing achieved in the 
embodiment depicted in Figure 2. 

Figure 4 is an illustration of an alternative embodiment of the device depicted 
in Figure 2, wherein an integral transmitter generates a signal that can be detected 
15 by more than one receiver. 

DETAILED DESC RIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to a system for quantitatively determining the 
components of a known multiple-component fluid. It is assumed throughout this 
2 0 disclosure that uniform fluid flow in a conduit is being analyzed. However, flow 
may comprise single-phase or multiple phase laminar or turbulent plug flow, and 

multiple-phase flow. Preferably the flow regime is single-phase flow. 

In a first embodiment of the present invention, the problem of capacitative 
coupling and its production of a spurious signal is overcome with the inventive 
2 5 system. In some geometries, placement of the transmitter and the receiver must be 
in such a close proximity that in a gaseous system, the transmitter and the receiver 
act as capacitor plates. The size of the capacitative charge between two plates is 
dependent upon the exposed surface areas and the distance therebetween. 

Figure la is a block diagram illustration of the inventive system. Figure lb 
30 further illustrates the inventive system by illuminating the signal that is being 
manipulated. The block diagrams in Figure lb that are positioned immediately 
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beneath the block diagrams in Figure la, illustrate the signal as processed in the 
respective block diagrams of Figure la. 

A transmitter 10 generates an audio signal 12 that is broadcast in the 
direction of a receiver 20. Audio signal 12 moves through a medium between 
5 transmitter 10 and receiver 20. Typically, the medium is a solid, a liquid, or a gas; 
preferably it is a gas. Receiver 20 detects audio signal 12 and an electronic signal 
is generated within receiver 20 as illustrated in Figure lb. 

The remainder of the inventive system is a means for determining the signal 
delay between the transmitter and the receiver. The inventive system includes a high 
10 frequency signal as defined below, propagating through a gaseous medium, and the 
configuration of a trigger circuit 30 that overcomes the problems of the prior art. 

The signal is transmitted to an amplifier 32 in order to overcome the likely 
extreme attenuation of the broadcast signal that occurs between transmitter 10 and 
receiver 20. 

15 Amplified signal 33 is then transmitted to a rectifier 34 to substantially 

eliminate the sinusoidal nature thereof. A rectified signal 35 is then transmitted to 
an envelope detection circuit 36 that converts rectified signal 35 into a half wave 37. 
Half wave 37 is then transmitted to a masking or gate circuit. The masking or gate 
circuit acts as a digital filter. The inventive system is configured to expect reception 
20 of half wave 37 at digital filter 38 within a certain time window. All spurious 
signals that arrive at digital filter 38 outside the time window, are substantially 

eliminated thereby,- Following me digital-filtration of half-wave 37, the signal is 

transmitted to a pulse width adjuster 40. Pulse width adjuster 40 is placed within the 
inventive system to provide an adequate triggering signal to cause transmitter 10 to 
2 5 repeat its transmission to receiver 20. Typically, the pulse width of half wave 37 
will be inadequate, namely too narrow, to facilitate the triggering of a new pulse 
from transmitter 10. Therefore, a TTL or square wave 41 is generated at pulse width 
adjuster 40. 

The inventive system also uses a "keep-alive" circuit 50 that is configured 
30 to send a square wave approximately equivalent to square wave 41 to a pulser 60. 
Pulser 60 receives either square wave 41 from pulse width adjuster 40 or a similar 



10 



15 



20 
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square wave from keep alive circuit 50. Pulser 60 then in turn generates a signal that 
induces transmitter 10 to repeat the cycle. 

A digital readout 70 is placed somewhere after digital filter 38 in order to 
provide an observer with information regarding the cycling time of the inventive 
system. Digital readout 70 may be configured to display a frequency of the total 
cyeling time of the inventive system. The total cycling time of the inventive system 
is correlatable to different fluid compositions and the respective speeds of sound 
therein. Digital readout 70 may display a cycling time frequency that, depending 
upon the medium being tested, will allow the observer to compare the frequency to 
known binary fluid systems and to arrive at an estimated composition ratio of the 
components thereof. Alternatively, digital readout 70 may simply relay its 
information to another system that assists to correlate the fluid's audio transmission 
characteristics to its composition ratio. 

After employment of the means for determining the signal delay between the 
transmitter and the receiver, a means for correlating the signal delay to a database 
is employed for the multiple-component fluid. In its simplest form, the means for 
correlating the signal delay to a database includes the decision whether to eliminate 
the signal processing time between receiver 20 and transmitter 10 from the total 
cycling time of the inventive circuit or whether to ignore it. Another portion of the 
means for determining the signal delay between the transmitter and the receiver 
includes empirical data and digital readout 70. 

In a specific embodiment of the present invention, transmitter 10 and receiver 



20 are separated by a distance of less than about 10 cm. In this embodiment of the 
present invention, transmitter 10 and receiver 20 may be spaced apart in a range 
2 5 from about 0.5 cm to about 20 cm and the exposed surface area of each that acts as 
a capacitative plate is in a range from about 1 cm 2 to about 20 cm 2 - The surface area 
of each exposed portion thereof that acts as a capacitor is preferably less than about 
1 0 cm 2 . Capacitance may be created between the two surfaces of transmitter 1 0 and 
receiver 20 that are exposed. The creation of a capacitative coupling therebetween 
is proportional to both the exposed surface area and to the magnitude of the 
capacitative charge. The placement of transmitter 10 and receiver 20 in much closer 



30 
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quarters such as a 5 cm separation, a 2 cm separation or a 1 cm separation, even with 
a smaller exposed surface area therebetween will cause capacitative coupling to 
occur along with its spurious signal generation. 

An example of this application of the present invention is in the carburation 
5 of a fuel mixture for an internal combustion engine or in determining the quality of 
natural gas in a pipeline where the capacitative coupling effect occurs due to both 
the magnitude of the capacitative charge and the surface areas of transmitter 1 0 and 
receiver 20 that are exposed. Transmitter 10 generates a signal in a frequency range 
between about 1 00 kHz to about 1 0 MHz. In this application, where audio signal 1 2 

10 is transmitted through a gas, attenuation thereof is extreme due to high frequencies. 
A frequency for a gaseous system is in a range from about 500 KHz to about 5 MHz, 
preferably about 1 MHz. At this frequency range, attenuation may exceed 50%, may 
exceed 90%, and may exceed 99.9%. 

In order to avoid sending a spurious signal generated by capacitative 

1 5 coupling substantially simultaneously with audio signal 1 2, audio signal is generated 
in a pulse width in a range of about 0.1 microseconds to about 5 microseconds. 
Preferably, the pulse width is in a range from about 1 microsecond to about 3 
microseconds, and more preferably about 2 microseconds. Due to the extreme 
narrowness of the pulse width of audio signal 12, and due to the extreme attenuation 

2 0 of such a high frequency signal in a gaseous medium, reception thereof by receiver 
20 is problematic. As such, received signal 21 is amplified in amplifier 32 for a gain 

between about 100 and about 10,000,-preferably 200 and 5,000, and most preferably 

about 1,000. A variable-gain amplifier may be used to tune the inventive system 
such that received signal 21 is amplified sufficiently to be further prdcessible. In the 

2 5 gaseous system, the size of the gain in amplifier 32 is generally configured to be 

directly proportional to the frequency of the audio signal. In this embodiment, the 
gain is about 1,000, the frequency is about 1 MHz, and the pulse width is about 2 
microseconds. 

Following the conversion of received signal 21 into amplified signal 33, 

3 0 amplified signal 33 is converted into rectified signal 35. Thereafter, rectified signal 

35 is manipulated into a half wave form, into a half wave 37, and directed further. 
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Half wave 37, whether a spurious signal or a desired signal, is directed though digital 
filter 38. 

As previously explained, a time window during which the desired signal is 
received is closed to all other signals such as a signal generated due to capacitative 
5 coupling between transmitter 1 0 and receiver 20. Typically, because the pulse width 
is about 2 microseconds wide, pulse width adjuster 40 is provided to make half wave 
37 into square wave 41 . Pulse width adjuster 40 is capable of both diminishing the 
size of half wave 37 or increasing the its size. Typically, the pulse width is about 2 
microseconds and pulse width adjuster 40 adjusts the size of half wave 37 to be 

10 approximately 10 microseconds wide. The advantage to making the pulse width 
approximately 10 microseconds wide is that the circuit does not accidently trigger 
more than once within a preferred time period. 

Square wave 41 passes further through the circuit to keep-alive circuit 50. 
Keep-alive circuit 50 waits for a preferred time period to receive a detected signal 

15 and if no signal is received, keep-alive circuit 50 generates its own signal to pulser 
60 in order to repeat generation of audio signal 12. In this embodiment, the timing 
window, or waiting time, is between about 50 and 500 microseconds, preferably 
about 100 and about 300 microseconds, and most preferably about 200 
microseconds. 

2 0 Square wave 41 or a square wave from keep alive circuit 50 is generated. In 
any event, a square wave of about 1 0 microseconds width enters pulser 60 and is of 
sufficient~voltage,-amplitude-and-duration to-cause transmitter 10 to-repeat the 



transmission of audio signal 12. 

The time delay between the transmission of audio signal 1 2 and the reception 

2 5 thereof at receiver 20 is significantly larger than all other elapsed time within the 

circuitry of the inventive system. As such, the elapsed time to process received 
signal 21 as a part of the entire cycling time of the inventive system may either be 
disregarded or subtracted. Subtraction of the signal processing time as part of the 
total elapsed time of each cycle becomes less important as the distance between 

3 0 transmitter 10 and receiver 20 increases. Pulser 60 generates a TTL square wave 
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voltage spike in a range from about 60 volts to about 220 volts, preferably about 120 
volts. In response, transmitter 10 generates a signal that propagates to receiver 20. 

Pulser 60 is designed to repeat pulses at a rate between about 1 0 to about 100 
KHz, preferably between about 40 to about 50 KHz. In other words, elapsed time for 
5 one cycle between a first pulse and a second pulse is in this kilohertz range. The rate 
is dependent upon the speed of the audio signal as it propagates through the medium 
being tested and the distance between transmitter 10 and receiver 20. 

Tests were run on the inventive system. For Test 1, the frequency of the 
circuit was determined in air and was found to be between 31.687 and 3 1 .667 kHz. 

10 

The following tests were run on air and on He/N systems. In each test, the 
frequency was taken from digital readout 70. Tests 1 through 15 were taken a 
separation between transmitter 10 and receiver 20 of 1 cm. 1 cm herein is taken as 
equal to 0.3937 inches. Table 1 depicts Tests 2 through 16 for He/N systems. 

15 



Table 1 



Run 1 @ 1 cm 


Test No. 


%He 


Temp (degree F) 


Frequency (kHz) 


2 


45 


74.1 


40.559 


3 


35 


74.9 


38.113 


4 


25 


74.6 


36.107 


5 


15 


75.2 


34.344 


6 


5 


75 


32.805 


Run 2 @ 1 cm 


7 


45 


74.6 


40.55 


8 


35 


74.9 


38.104 


9 


25 


74.8 


36.096 


10 


15 


75.3 


34.309 


11 


5 


75.1 


32.791 
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Run 3 @ 1 cm 


12 


45 


74.5 


40.523 


13 


35 


75 


38.097 


14 


25 


74.9 


36.11 


15 


15 


75.4 


34.329 


16 


5 


75.1 


32.8 



For Test 17, the frequency of the circuit was determined in air and was found 
to be between 16.564 and 16.498 kHz. Table 2 depicts Tests 1 8 through 32 for He/N 
10 systems. 

Table 2 



Run 1 @ 2cm 


Test No. 


%He 


Temp (degree F) 


Frequency (kHz) 


18 


45 


74.5 


21.541 


19 


35 


74.9 


20.177 


20 


25 


74.8 


19.002 


21 


15 


75 


18.038 


22 


5 


75.2 


17.15 


Run 2 @ 2 cm 


23 


45 


74.7- 


21,552 


24 


35 


74.8 


20.178 


25 


25 


74.7 


18.996 


26 


15 


75 


18.04 


27 


5 


75.2 


17.159 
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Run 3 @ 2 cm 


28 


45 


74.7 


21.555 


29 


35 


74.7 


20.175 


30 


25 


74.4 


18.975 


31 


15 


75.1 


18.045 


32 


5 


75.1 


17.154 



For Test 33, the frequency of the circuit was determined in air and was found 
to be between 1 1 .200 and 1 1 . 1 86 kHz. Table 3 depicts Tests 34 through 48 for He/N 
10 systems. 

Table 3 



Run 1 @ 3 cm 


Test No. 


%He 


Temp (degree 
F) 


Frequency (kHz) 


34 


45 


74.8 


14.697 


35 


35 


74.8 


13.716 


36 


25 


74.4 


12.922 


37 


15 


75.2 


12.227 


38 


5 


75.1 


11.628 


Run 2 @ 3 cm 


39 


45 


74.5 


14.699 


40 


35 


74.9 


13.71 


41 


25 


74.5 


12.921 


42 


15 


75.2 


12.233 


43 


5 


75.1 


11.626 
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Run 3 @ 3 cm 


44 


45 


74.5 


14.685 


45 


35 


74.9 


13.715 


46 


25 


74.6 


12.917 


47 


15 


75.2 


12.232 


48 


5 


75.2 


11.633 



In all of examples 1 through 48, it was surprisingly discovered that the 
inventive system was capable of processing a high frequency audio signal in a gas 

10 where it was known that attenuation in a gas at the frequencies contemplated and 
used would be extreme and significant. Additionally, at the separation distance 
between transmitter 1 0 and receiver 20, the problem of capacitati ve coupling and its 
generation of a spurious signal was overcome by the conception and reduction to 
practice of digital filter 38. Data from Tests 1 through 48, in connection with the 

15 inventive system, provide a reliable correlation between the frequency of the sing- 
around circuit of the present invention and the gas systems tested. As such, the 
method for determining the composition of a multiple-component fluid was 
surprisingly successful in spite of the limitations known for such systems in the prior 
art. 

20 In another embodiment of the present invention, the inventive system is used 

as a duplicate pair of circuits fro m wh ich the linear flow of the fluid can be 

determined. Figure 2 is an elevational cross-section view of this embodiment. It can 
be seen that transmitter 10 and receiver 20 are configured to transmit audio signal 
12 substantially perpendicular to the direction of flow V f of a multiple-component 

25 fluid within a conduit 14. A second system is configured to transmit an oblique- 
angle audio signal 1 12 at an angle 9, between a transmitter 110 and a receiver 120. 
Transmitter 10 and receiver 20 are used in conjunction with transmitter 110 and 
receiver 120 in order to assist to determine the linear flow rate of the fluid within 
conduit 14. The speed of audio signal 12 as it passes through the fluid is determined 

3 0 between transmitter 10 and receiver 20 as set forth above. Because the multiple- 
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component fluid composition may be presumed to be substantially homogeneous 
within conduit 14 between transmitter 10 and receiver 20 and between 110 and 
receiver 120, and because the distances d and d are known, the angled configuration 
of transmitter 1 1 0 and receiver 120 in relation to the direction of flow V f will cause 
5 oblique audio signal 1 1 2 to reach receiver 1 20 earlier than anticipated by a factor of 
approximately the linear flow rate multiplied by the trigonometric cosine of the 
angle 0. In the past, calculation of flow velocity by similar methods required 
dependency upon such variables as system pressure, system temperature, and the 
composition of the multiple-component fluid. With the inventive method, system 

10 pressure, system temperature, and system composition are substantially eliminated 
as data from the duplicate pair of circuits is compared. A distinct advantage exists 
in the inventive system where flow calculation is greatly simplified by the 
elimination of dependency upon the aforementioned variables. Thus, transmitter 1 0 
and receiver 20 provide a baseline, known audio-signal speed in the multiple- 

15 component fluid composition. Transmitter 110 and receiver 120 along with the 
reception of oblique audio signal earlier than anticipated allows for the determination 
of linear flow within conduit 14. Preferably, angle 9 may be 45° or smaller. As 
angle 9 becomes smaller and approaches 0°, the accuracy 
of measuring linear flow may increase. 

2 0 Figure 3 is a block diagram that illustrates signal processing achieved in the 

embodiment depicted in Figure 2. As a means for calculating Doppler shift effect, 

fo and f r are used to arrive at the flow veloeity T -V f . - - - 

The combination of transmitter 10 and receiver 20 in connection with 
transmitter 110 and receiver 1 20 allow for a dynamic control capability for a system 
25 wherein the quality of the fluid must be constantly reevaluated and adjustments 
made therefore in order to achieve optimum system operation. As an example 
thereof, a natural gas-fired system such as a gas burner for a boiler, a low NO x 
burner, a rotary kiln, a gas combustion turbine, or other systems is supplied with 
natural gas and the inventive system depicted in Figure 2 comprising conduit 14 and 

3 0 transmitters 10,1 10 and receivers 20,120 are positioned before the gas combustion 

apparatus. 
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In an alternate embodiment, transmitter 10 and transmitter 1 10 are merged 
into an integral unit as transmitter 310, illustrated in Figure 4. Receivers 320, 420, 
520, 620 and 720 are multiplexed to accept audio signal 312. Audio signal 312 is 
broad enough to strike all receivers. 
5 The following tests were conducted using the double sing-around circuit 

system of the present invention to calculate the flow rate of a known multiple- 
component fluid, namely He/N. Test 49 was conducted with air at about 73.2°F. 
Data from tests 1,17, and 32 were used to correlate with Test 49. Air was passed 
through conduit 14 at a known rate of 20 cuft/hr. Separation between transmitter 10 
10 and receiver 20 was about 1.695 inches. The inventive system settled down to a 
cycling frequency of about 7.833 kHz from which it was determined that oblique- 
angle audio signal 1 12 was carried forward to receiver 120 at a rate of about 0.0135 
inches per microsecond. By use of a simple trigonometric calculation, the flow rate 
was found to be about 20 ftVhr. 



15 Tests 50 through 61 were conducted using helium and nitrogen. The gas 

flow rate was derived from the data in a manner similar to that for the air flow rate 
Test 49. 





Run 1 


20 


Test 
No. 


Gas 


Thermocouple 

Reading 

(deg.F) 


Frequency 
(kHz) 


Gas Flow 
Rate (CFH) 




50 


45% He / 55% N 


73 


10.321 


20 




51 


35% He / 65% N 


73 


9.628 


20 




52 


25% He / 75% N 


73 


9.062 


20 


25 


53 


15% He/ 85% N 


74 


8.565 


20 




54 


5% He/ 95% N 


74 


8.131 


20 
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Run 2 


55 


45% He / 55% N 


73 


10.331 


20 


56 


35% He/ 65% N 


73 


9.629 


20 


57 


25% He / 75% N 


73 


9.058 


20 


58 


15% He/ 85% N 


73 


8.561 


20 


59 


5% He/ 95% N 


73 


8.128 


20 


Run 3 


60 


45% He/ 55% N 


73.2 


10.333 


20 


61 


45% He / 55% N 


73.5 


10.335 to 
10.341 


140 



10 

Test 61 was carried out at a substantially higher flow rate. 
Because the components of the multiple-component fluid are known, and 
because correlations may be on hand that describe the multiple-component fluids and 
their quantitative component ratios, the overall flow rate of the gas and a "snap shot 11 
15 of its quality may be determined with the inventive system in order to optimize the 
device that uses natural gas combustion. Additionally, where combustion product 
_ effluents must be monitored for environmental reasons, gas quality such as a high 
sulfur content may allow a combustion system to be adjusted in order to minimize 
the release of undesirable pollutants to the atmosphere. 
2 0 Distinct advantages exist with the present invention. Evaluation of a 

multiple-component gas by the inventive method and system is essentially non- 
intrusive into a container such as conduit 14. Additionally, the "sing-around" 
circuitry for use in a gaseous system with an audio signal in the megahertz range 
allows for error band detection. At a high frequency, the error band does not change 
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substantially if at all such that the inventive system may be used by broadcasting a 
range of frequencies at different times and any errors or time delays will remain 
consistent. 

The present invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. The described embodiments are 
to be considered in all respects only as illustrated and not restrictive. The scope of 
the invention is, therefore, indicated by the appended claims rather than by the 
foregoing description. All changes which come within the meaning and range of 
equivalency of the claims are to be embraced within their scope. 
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WE CLAIM : 

1 . A method for determining the composition of a multiple-component 
fluid comprising: 

providing a transmitter and a receiver, separated by a fixed distance, 
5 and with a fluid therebetween; 

transmitting a first pulse from said transmitter; 
receiving said first pulse across said fixed distance to create a 
receiver signal; 

creating a square wave trigger signal; 
10 amplifying said receiver signal to create an amplified signal; 

rectifying said amplified signal to create a rectified signal; 
converting said rectified signal into a square wave; 
alternatively adjusting the width of said square wave; 
providing a digital filter to restrict spurious signals; 
1 5 using said square wave trigger signal to transmit a second pulse from 

said transmitter; 

determining the signal delay between transmitting and receiving; and 
correlating said delay to a data base for said multiple-component 

fluid. 

20 

2. A method for determining the composition of multiple-component 
fluid according to claim 1 , wherein said first pulse and said second pulse are audio 
signals. 
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3. A method for determining the composition of multiple-component 
fluid according to claim 1 , wherein said fluid is in a vaporous state, 

4. A method for determining the composition of a multiple-component 
5 fluid according to claim 1 , wherein creating a square wave trigger signal further 

comprises: 

amplifying said receiver signal to create an amplified signal; 
rectifying said amplified signal to create a rectified signal; 
converting said rectified signal into a square wave; and 
1 0 alternatively adjusting the width of said square wave. 

5 . A method for determining the composition of a multiple-component 
fluid according to claim 1, wherein said transmitter and said receiver each have an 
exposed surface area in a range from about 1 cm 2 to about 20 cm 2 , and said exposed 

15 surface areas are separated by a distance in a range from about 0.5 cm to about 20 
cm. 



2 0 



6. A method for determining the composition of a multiple-component 
fluid according to claim 1, wherein said first pulse is an audio signal in a frequency 
range from about 100 kHz to about 10 MHz. 
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7. A method for determining the composition of a multiple-component 
fluid according to claim 1, wherein said first pulse is an audio signal with a 
frequency of about 1 MHz. 

5 8. A method for determining the composition of a multiple-component 

fluid according to claim 1, wherein said pulse is an audio signal with an attenuation 
between said transmitter and said receiver in excess of about 50%. 

9. A method for determining the composition of a multiple-component 
10 fluid according to claim 1, wherein said pulse has an initial pulse width in a range 

from about 0.1 microseconds to about 5 microseconds. 

10. A method for determining the composition of a multiple-component 
fluid according to claim 1 , wherein said receiver signal is amplified for a gain 

15 between about 100 and about 10,000. 



11. A method for determining the composition of a multiple-component 
fluid according to claim 1, wherein said square wave trigger signal has a width of 
about 10 microseconds. 

20 

12. A method for determining the composition of a multiple-component 
fluid according to claim 1, further comprising, providing a keep-alive circuit 
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between said receiver and said transmitter, said keep-alive circuit having a timing 
window in a range from about 50 to about 500 microseconds. 

13. A method for determining the composition of a multiple-component 
5 fluid according to claim 1 , wherein said second pulse is generated from a source that 

has a potential in a range from about 60 volts to about 220 volts. 

14. A method for determining the composition of a multiple-component 
fluid according to claim 1, wherein elapsed time between said first pulse and said 

10 second pulse is measurable in a range from about 10 kHz to about 100 kHz. 



15. A method for determining the composition of a multiple-component 
fluid according to claim A, wherein said first pulse and said second pulse are audio 
signals, wherein said fluid is in a vaporous state, wherein creating a square wave 
15 trigger signal further comprises: 

amplifying said receiver signal to create an amplified signal; 
rectifying said amplified signal to create a rectified signal; 
converting said rectified signal into a square wave; and 
alternatively adjusting the width of said square wave, wherein said 
2 0 first pulse is an audio signal in a frequency range from about 100 kHz to 

about 10 MHz, wherein said first pulse and said second pulse experience an 
attenuation between said transmitter and said receiver in excess of about 
50%, wherein said pulse has an initial pulse width in a range from about 0.1 
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microseconds to about 5 microseconds, wherein said receiver signal is 
amplified for a gain between about 100 and about 10,000, wherein said 
square wave trigger signal has a width of about 10 microseconds, wherein 
said second pulse has a potential in a range from about 60 volts to about 220 
5 volts, and wherein elapsed time between said first pulse and said second 

pulse is measurable in a range from about 10 kHz to about 100 kHz. 



16. A system for determining the composition of a multiple-component 
fluid comprising: 

10 a transmitter and a receiver, said transmitter and receiver being 

separated by a fixed distance; 
a trigger circuit; 

means for determining the signal delay between said transmitter and 
said receiver, wherein said means for determining the signal delay 
15 between said transmitter and said receiver has an alternative digital 

signal filter connected to said trigger circuit; and 
means for correlating said signal delay to a data base for said 
multiple-component fluid, and wherein said receiver, signal amplifier, signal 
rectifier, signal converter, alternative signal width adjuster, and transmitter 
2 0 are connected in series. 
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17. A system for determining the composition of a multiple-component 
fluid according to Claim 16, further comprising means for eliminating an errant 
signal generated by capacitative coupling between said transmitter and said receiver. 

5 1 8 . A system for determining the composition of a multiple-component 

fluid according to claim 16, wherein said trigger circuit further comprises: 
a signal amplifier connected to said receiver; 
a signal rectifier connected to said signal amplifier; 
a signal converter connected to said signal rectifier; and 
10 an alternative signal width adjuster connected to said signal 

converter. 

1 9. A system for determining the composition of a multiple-component 
fluid according to claim 16, wherein said multiple-component fluid is a 
15 homogeneously mixed gas. 



20. A system for detem^ a multiple-component 

fluid according to claim 16, wherein said transmitter and said receiver each have an 
exposed surface area in a range from about 1 cm 2 to about 20 cm 2 , and said exposed 
surface areas are separated by a distance in a range from about 0.5 cm to about 20 
cm. 



□ Mcrwin. ^lftir-t 
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21. A system for determining the composition of a multiple-component 
fluid according to claim 16, wherein said transmitter generates an audio signal in a 
frequency range from about 100 kHz to about 10 MHz. 

5 22. A system for determining the composition of a multiple-component 

fluid according to claim 16, wherein said transmitter generates an audio signal with 
a frequency of about 1 MHz. 

23. A system for determining the composition of a multiple-component 
1 0 fluid according to claim 1 6, wherein said multiple-component fluid is a gas and said 

transmitter generates an audio signal with an attenuation between said transmitter 
and said receiver in excess of about 50%. 

24. A system for determining the composition of a multiple-component 
1 5 fluid according to claim 1 6, wherein said transmitter generates a pulse with an initial 

pulse width in a range from about 0.1 microseconds to about 5 microseconds. 

25. A system for determining the composition of a multiple-component 
fluid according to claim 16, wherein said trigger circuit has a signal amplifier with 

2 0 a gain between about 100 and about 10,000. 
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26. A system for determining the composition of a multiple-component 
fluid according to claim 16, wherein said square wave trigger circuit generates a 
square wave signal with a width of about 1 0 microseconds. 

i 27. A system for determining the composition of a multiple-component 

fluid according to claim 16, further comprising a keep-alive circuit disposed between 
said receiver and said transmitter, said keep-alive circuit having a timing window 
in a range from about 50 to about 500 microseconds. 



10 28. A system for determining the composition of a multiple-component 

fluid according to claim 16, wherein said second pulse has a potential in a range 
from about 60 volts to about 220 volts. 



29. A system for determining the composition of a multiple-component 
fluid according to claim 16, wherein elapsed time for one cycling of said system is 
measurable in a range from about 10 kHz to about 100 kHz. 



30. A system for determining the composition of a multiple-component 
fluid according to claim 16, further comprising means for eliminating an errant 
signal generated by capacitative coupling between said transmitter and said receiver, 
wherein said trigger circuit further comprises: 

a signal amplifier connected to said receiver; 
a signal rectified connected to said signal amplifier; 



15 
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a signal converter connected to said signal rectifier; and 
a alternative signal width adjuster connected to said signal converter, 
wherein said multiple-component fluid is a homogeneously mixed 
gas, wherein said transmitter generates an audio signal in a frequency 
5 range from about 1 00 kHz to about 1 0 MHz, wherein said transmitter 

generates an audio signal with an attenuation between said 
transmitter and said receiver in excess of about 50%, wherein said 
transmitter generates a pulse with an initial pulse width in a range 
from about 0.1 microseconds to about 5 microseconds, wherein said 

10 signal amplifier has a gain between about 100 and about 10,000, 

wherein said trigger circuit generates a square wave signal with a 
width of about 10 microseconds, wherein said pulse has a potential 
in a range from about 60 volts to about 220 volts, and wherein 
elapsed time for one cycling of said system is measurable in a range 

15 from about 1 0 kHz to about 1 00 kHz. 



31. A method of controlling a dynamic fluid-supply system comprising: 

providing a first transmitter and a first receiver separated by first 
fixed distance and with a fluid therebetween; 

transmitting a first pulse from said first transmitter; 

receiving said first pulse across said first fixed distance to create a 
first receiver signal; 

creating a first trigger signal; 
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using said first trigger signal to transmit a repeat pulse from said first 
transmitter; 

determining the signal delay between said first transmitting and first 
receiving; 

> providing a second transmitter and a second receiver, separated by a 
second fixed distance and with said fluid therebetween, wherein said second 
transmitter and said second receiver are configured at a non-perpendicular 
angle to flow of said fluid; 

transmitting a second pulse from said second transmitter; 

> receiving said second pulse across said second fixed distance to 
create a second receiver signal; 

creating a second trigger signal; 

using said second trigger signal to transmit a repeat pulse from said 
second transmitter; 

> determining the signal delay between said transmitting and said 
receiving; and 

determining the transit-time shift between said second transmitter and 
said second receiver. 



20 



32. A method of controlling a dynamic fluid-supply system according to 
claim 31, wherein said first transmitter and said second transmitter are an integral 
unit. 



WO 00/46583 PCT/US00/02887 

29 

33. A method of controlling a dynamic fluid-supply system according to 
claim 3 1, wherein transmitting comprises generating an audio signal in a frequency 
range from about 1 00 kHz to about 1 0 MHz, wherein said first pulse and said second 
pulse experience an attenuation between said transmitter and said receiver in excess 
5 of about 50%, wherein said first pulse and said second pulse each have an initial 
pulse width in a range from about 0.1 microseconds to about 5 microseconds, 
wherein said receiver signal is amplified for a gain between about 100 and about 
10,000, wherein said receiver signal is converted into a square wave trigger signal 
with a width of about 10 microseconds, wherein said second pulse is generated from 
10 a source that has a potential in a range from about 60 volts to about 220 volts, and 
wherein elapsed time between said first pulse and second pulse is measurable in a 
range from about 10 kHz to about 100 kHz. 
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pressure from the initial fluid or liquid phase. Also, it is noted that not only do the attenuations and sound speeds differ 
appreciably between air and liquids, but that some high frequency acoustic waves do not even pass thru air (or gas 
tossed l ° ,mpCdanCC mismatch - whi,c $uch same frequencies will pass readily thru liquid media with slight energy 

The inventions listed as Groups I and III do not relate to a single inventive concept under PCT Rule 13 1 because under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: A method of 
4°55»»»ngJ dynamic flui^supply jystem is deemed to be_considerably different from the purpose of a similar method 
for identifying or determining composition of a multiple component fluid, since the act of dynamically controlling the 
fluid input or fluid supply as a function of time may be seen to include flow, flow rate, fluid content or additives fluid 
pressure, fluid temperature, salinity or sweetness, purity, direction or restriction (e.g. valves, pumps), as well as makine 
any changes to its composition. 6 
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